Data This report presents the data collected for use by the work groups as part of their source material. The data are presented in two sections: the first summarizes pertinent information on caries experience in children, adults, and the elderly in the US and Canada over the last ten years; the second includes reported costs of six types of caries prevention programs currently in effect throughout the United States. This paper is not intended to be a comprehensive review of the literature, nor an exhaustive account of caries prevention programs in the United States. Rather, it is intended to be a reasonably representative selection of recent data from a number of sources, sufficient to provide sound basic information on which the work groups can base their calculations.
This report presents the data collected for use by the work groups as part of their source material. The data are presented in two sections: the first summarizes pertinent information on caries experience in children, adults, and the elderly in the US and Canada over the last ten years; the second includes reported costs of six types of caries prevention programs currently in effect throughout the United States. This paper is not intended to be a comprehensive review of the literature, nor an exhaustive account of caries prevention programs in the United States. Rather, it is intended to be a reasonably representative selection of recent data from a number of sources, sufficient to provide sound basic information on which the work groups can base their calculations.
A. Caries Incidence
Included in this section are incidence data from control groups in caries clinical trials and community trials, together with imputed incidence from epidemiologic surveys conducted in the US and Canada since 1978.
Caries experience data for children, adults, and the elderly are summarized in Tables 1-7 . Four criteria were used to select the studies for this review: date of the study, type of experimental design, length of the trial, and completeness of the published reports. Because the results of studies perfomed during the early 1970s would probably not portray a realistic picture of caries experience today, the first criterion was to limit the studies to those conducted in recent years. Although a number of studies published in the late 1970s met this criterion, they were not included in the review because data had been collected up to ten years earlier, making them too old for use in the workshop. Deriving incidence data from clinical trials required that caries increments be reported for study participants not receiving the preventive regimens being tested, that is, control groups. Thus, the second criterion tended to exclude demonstration projects and studies using historical comparisons or cross-sectional controls.
The third criterion was needed in view of the recognized caries decline in recent years. As the period of time required for caries development increases, longer clinical trials are needed. Hence, studies of a minimum duration of two years were selected. It should be noted that two exceptions to this rule were made in the 45-64 and 65+ age categories (Kohout F, College of Dentistry and the Center for Health Services Research, University of Iowa; Papas A, Joshi A, Tufts University School of Dental Medicine, Boston. All personal communications, Feb 1989). Both studies, conducted for less than two years, were included in Tables 6-7 because of the sparse information for these age groups. Finally, details regarding the conduct of the trial, such as the selection of subjects, study protocol, diagnostic criteria, and analysis of data were used to judge the quality of the various studies. Studies published only as abstracts have therefore been omitted from this report.
Children: Aged 5-17. Estimates of annual caries increments for children aged 5-17 were derived from the control groups of studies summarized in Tables 1-4 . While control group participants would not have been affected by the preventiveintervention understudy, they probably received benefits from uncontrolled home use of fluoridated dentifricesor from other preventive dental care. From the 17 studies listed in Tables 1-4 , only three required participants in control groups to use a nonfluoridated dentifrice (3, 5, 16) . Consequently, the caries experience of the remaining control groups (or positive controls) from these trials is likely to reflect the preventive effectsof the widespread useof fluoridesin the 1980s. Surface-specific increments were available for a few of the studies, and are recorded in Tables 2 and 4 . Studies have been listed separately for fluoride-deficient (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) and fluoridated communities (1,14-17). Areas of less than 0.3 ppm of fluoride in their water supplies were considered "fluoridedeficient" communities; "fluoridated" communities include areas with optimal fluoride levels for their region ranging from 0.8 to 1.1 ppm fluoride.
Annual canes incidence was calculated as mean, median, and range of decayed, missing, and filled surfaces (DMFS) increment/year. Imputed incidence from national surveys suggests these increments are reasonable estimates for children and young adults.
Adults: Aged 1&44,45-64, and 65+. While the caries experience of children is well documented, very limited information exists in the literature about the caries incidence of adults. Thus, estimates for these age groups were derived not only from the few studies available (18-2022-231 , but also imputed from the 1985-86National Survey of Employed Adults and Seniors (21).
Caries experience data for adults aged 1844,454, and 65+ are presented in Tables 57. The information in these tables must be interpreted with caution for several reasons. First, the number of available studies is sufficient SDMFS. ***Personal communication, F. Kohout, 1989. for obtaining reasonable estimates of caries experience, but not for deriving precise caries increments. Second, with the exception of national survey data (211, these studies were conducted among specific population subgroups (e.g., Navy personnel, VA patients, regional surveys) whose caries experience may not be representative of the overall adult and elderly population. Last, some researchers have cited difficulties in distinguishing coronal from root caries because a number of different criteria may have been used to define root lesions (24). Thus, the possibility that root caries was scored differently by the various examiners cannot be overlooked. Tables 8-17 ). It should be noted that the cost information provided in this section includes primarily direct program costs. Other expenditures such as the costs of screening, training of personnel, program promotion, and administrativecosts wereinmost instances unavailable. Administrative and promotional costs were reported by a few states; they are summarized as Tables 8-9 were gathered via mail surveys and personal communication with water plant operators and state fluoridation engineers, who also provided equipment costs from engineer specification reports. New equipment costs were obtained from vendors of fluoridation equipment and from two fluoridation engineers (Magnant ML, Iowa Department of Health, Iowa City; and Reeves TG, Centers for Disease Control, Atlanta. Both personal communications, Jan 1989). Costs of the remaining caries prevention programs reported in Tables 10-16 were obtained from state dental directors, local directors, and coordinators of specific programs across the US.
Some assumptions were required in estimating annual costs for the various programs. For community water fluoridation systems, the equipment was estimated to last 15 years and to have virtually no resale value. Onetime costs such as installation, building improvements, and consulting engineering fees were included with the capital costs and the entire amount amortized over a 15-year period using 2 percent and 4 percent discount rates. This amount is the annualized or annuitized capital cost. The initial capital costs in Table 8 were adjusted for inflation to compensate for changes in the value of the dollar since the year of purchase. The adjustment factor used is the all urban consumer price index (CPI-U), published by the Bureau of Labor Statistics in The Monthly Labor Revim. The CPI-U, introduced in 1978, measures the average change in prices paid by urban consumers in the US for a fixed number of goods and services, and represents the buying habits of about 80 percent of the population (25). Initial capital costs in Table 9 were not adjusted for inflation because they were calculated in 1988 dollars. Annualized capital costs were added to operational costs to obtain the total direct cost per year.
Annual per capita costs, calculated for 2 and 4 percent discount rates, are the total direct costs divided by the population served.
Unlike community water fluoridation, fluoride sup plement programs and fluoride mouthrinse programs do not involve large capital investments. Therefore, annual program costs shown in Tables 10-12 only reflect personnel and material costs. Other costs such as travel, administration, rent, and utilities are included for some of the programs. Further cost details are discussed under each program heading.
Direct costs of school fluoridation programs are summarized in Table 13 . The initial capital costs incurred by school fluoridation programs are comparable to those of community fluoridation systems. They include the cost of fluoridators, testing equipment, engineering, and installation. Consequently, similar assumptions were used to derive costs for these two types of programs. Initial Tables 13 and 14 were provided by fluoridation engineers and technicians from each program, and in some instances by state dental directors. Sealant programs can be conducted in a variety of ways depending on the availability of space, personnel, and characteristicsof the particular state program. Therefore, sealants services can be provided as part of an existing clinical program, initiated as a distinct program, or offered through referral programs with services provided by private practitioners. For these reasons, the calculation of annual costs in Tables 15-16 required a different set of assumptions for each type of service delivery. For sealant programs conducted using portable units (set up within schools), initial equipment costs were annualized at 2 percent and 4 percent over a period of ten years. Some programs used dental vans to transport portable equipment to and from schools (unlike dental trailers, which are larger vehicles equipped in most instances for preventive as well as treatment services). Capital costs for the purchase of such vans were also amortized at 2 percent and 4 percent rates of discount, but over a five-year period.
B. COSTS OF PREVENTION PROGRAMS :
For workshop use, all cost data are presented in ranges. This is done because of the differing approaches to cost derivation used by those providing the information, and because all figures are empirical without allowance for program inefficiencies. These ranges were provided as a basis for the estimation of true costs and for sensitivity analysis by the work groups.
Community Water Fluoridation. Costs of community water fluoridation were obtained from selected communities in the US with systems that have been in operation from one to 14 years. Although these cost figures offer some geographic diversity, the selection of a particular system usually depended on the availability and quality of existing records. A total of 57 water systems throughout the US were surveyed: operators from 42 systems were contacted by telephone, and data for 15 other systems were provided by state dental divisions. Of these 57 cities and communities, 19 returned incomplete reports, six did not respond, and three were no longer fluoridating water supplies. The towns that discontinued fluoridation reported using new wells with natural fluoride levels of 0.3 ppm to 0.5 ppm. The most complete and detailed records from 16 water plants were selected from the remaining 29 locations to provide an adequate array of systems for the purposes of the workshop. They are presented in Tables 8-9 .
Throughout the process of data collection from the various communities, equipment costs were readily available for recently installed and small fluoridation systems, but such information was often difficult to obtain from larger and older installations. On the other hand, maintenance, repair, and chemical costs were obtained from all communities in detail. For these reasons, the annual costs of fluoridation were also estimated using replacement costs for existing equipment as shown in Table 9 . These capital costs include equipment, engineer- Gr. K-6
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Gr. [1] [2] [3] [4] [5] [6] Gr. K-6 It should be noted that the total costs of fluoridation in a given community will vary greatly depending not only on the water plant's capacity and population served, but also on the type of installation, type of chemical, number of injection points, and natural level of fluoride. For example, communities #12 and #13 serve approximately the same size population, yet the system serving 2,800 residents costs almost twice as much in annual capital costs (Table 9 ). This can be explained not only in terms of the higher installation cost for its equipment, but also in that the system has six injection sites compared to only one for the smaller town. It is also worth noting that the cost of chemicals in these communities ranged from 16 cents/lb for bulk purchases of hydrofluosilicic acid to 98 cents/lb for sodium fluoride.
Fluoride Supplements. Seven out of 17 states surveyed had dietary fluoride supplement programs in ef- fect. Two were operated by Head Start programs and no cost data were available from them. Costs for the remaining five programs, and details of the number of employees, type of personnel, and their salaries or wage rates are presented in Table 10 . As with community water fluoridation programs, differences in costs are obvious among the various locations. Inspection of these data reveals that programs vary in terms of the number, type, and salary of personnel, as well as in their involvement of community volunteers, teachers, and other school personnel. All programs reported using school volunteers or teachers to distribute fluoride tablets, although clearly they did not depend on such personnel equally. Personnel costs tended to fluctuate greatly fromno reported cost (state 4/21 up to 75 percent of total program costs (state #5). None of the programs shown in Table 10 attributed as personnel costs the time required from teachers and volunteers, nor did any account for promotional costs. Annual costs per student werecalculated based on the number of children served by the programs. However, the reported number of students served by these fluoride supplement programs is an estimate of the actual number of participants. None of the states contacted measured participation rates, thus the annual cost per student is the cost of the supplement program for the "intended" population, rather than the number of students reached.
Fluoride Mouthrinses. Direct annual costs of fluoride mouthrinse programs in the US are shown in Tables 11-12. From a total of 17 states contacted, 13 operated such programs, and data were obtained from 11 of them.
As with fluoride supplement programs, this type of preventive measure is conducted in schools and school personnel are frequently trained to carry out the weekly rinse activities. Not all programs, however, relied on school personnel to the same extent, nor did they hire similar numbers of people. For example, state #5 calculated personnel costs based on one-third of the time of one program coordinator, who was paid $24,069 annually. Thus, the total personnel cost reported represents approximately 5 percent of the total program costs. By contrast, the program in state #11 functions with a number of field workers, consultants, clerical help, and a coordinator. For this program, a large part of the total direct cost (73%) was due to personnel costs.
Cost of materials and supplies for the rinse programs can vary depending on how materials are dispensed. The least costly method is the use of pumps, which can be sterilized and reused several times, or the use of paper cups to distribute the rinsing solution to students. Premixed fluoride rinses are also available that do not require separate paper products for dispensing the solution, but are significantly higher in cost. The range in material costs per child can be demonstrated by examining data from programs in states #2 and #5. Although the target population for these programs is somewhat similar, state #2 spent 69 cents/child/year in rinse products and paper supplies, while state #5 spent $1.22/child/year using pre-mixed rinses.
Only direct costs are summarized in Table 11 , namely the cost of personnel, materials, supplies, and, in a few instances, administrative, travel, and printing costs. No costs were included for teachers' and volunteers' time.
As noted in the discussion of fluoride supplement programs, the annual cost of fluoride mouthrinse programs per student is based on the intended population, rather than the actual number of students participating in the program. These costs ranged from 52 cents to $1.78 per child per year.
School Water Fluoridation. Relatively few states operate programs of school fluoridation, so data received werenaturallylimited. Froma total of 17states surveyed, cost data were obtained from three programs currently in operation, and from another program where school fluoridation had been discontinued in 1988. Information for the fifth and sixth programs, one of which is also no longer in operation, were obtained from a recent survey of school water fluoridation in the US (Gerlach R, Division of Dental Health, Vermont Department of Health. Personal communication, Mar 1989) . Although a number of other states, notably in the Southwest and Alaska, have programs in effect, most are small installationsnot likely to be representative of other regions of the country.
Capital costs for all programs listed in Table 13 were based on the replacement cost for existing fluoridation and testing equipment. Installation costs were also included as initial capital expenditures, except for one location (state #2) where state employees install their own fluoridators. The cost per systemand cost per installation did not vary greatly among the six programs, ranging from $1,500 to $2,200 per unit/school (fluoridator, testing equipment, pump, plumbing), and from $300 to $500 per installation per school. In contrast, the cost of chemicals ranged from $20.30 per school per year to $119 per school/year. The greatest difference in program costs can be noted in the number and cost of personnel utilized by the programs, summarized in Table 14 .
Sealants . Tables 15-16 show the data obtained for a number of sealant programs in operation in the US. Cost information was available from five states; the remaining 11 states surveyed either offered sealants as part of a clinical program, did not have cost data, or had no program. Only two of the six programs listed in Table 15 had initiated sealant activities during 1988 (states #1, #3), all others were ongoing projects implemented during earlier years. Thus, initial equipment costs for programs in states #2,4A, 4B, and 5 needed to be expressed in 1988 dollars by either adjusting for inflation, or by using new equipment costs. Because the type of equipment being used in these four programs was known, and similar if not identical models are still available from the manufacturers, replacement costs were used. Once annualized, equipment costs were added to personnel, materials, supplies, and other costs to derive the cost per student per year.
One could argue that the cost of a sealant program is not only the cost of placing sealants, but also the cost of examining all students and subsequently treating those eligible for the service. Thus a distinction should be made between the annual cost per student sealed and the cost per student examined. The annual cost, which ranged from $13.08 to $28.43 per child/year, represents (with two exceptions, states #4A and 4B) the cost per student sealed, not per student examined. The real cost of a program is therefore likely to be higher when the cost of screening is included.
Self-and Professionally Applied Gels. Data could not be located, either in the literature or from program directors for the sixth type of program-that is, self-and professionally applied fluorides. Therefore, the cost of the basic materials of 1.23 percent AJ?F gel and the cost of fluoride gel trays were included in Table 17 . Although state practice acts will differ in the type of personnel and supervision required for such programs, minimally one would need the services of hygienists and assistants, and in some instances supervisory dentists. The wage rates of these dental health professionals were included to assist work groups to calculate direct program costs. Summary of Findings. Caries incidence for age groups [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] 1844, [45] [46] [47] [48] [49] [50] [51] [52] [53] [54] [55] [56] [57] [58] [59] [60] [61] [62] [63] [64] , and 65+ are summarized in Table 18 . The data are presented as mean, median, and range of increment/year for use in the workshop. Some of the studies included in this review reported findings as DMFS per year; others used DFS per year or DFS per 100 surfaces at risk. For this reason, the reader is referred to Tables 1-7 for more details. The direct costs of the various caries prevention programs obtained for the workshop are summarized in Table 19 . All cost data are presented as reported from dental public health personnel, water plant operators, and fluoridation engineers.
